could reduce aggregate size, mainly due to the dispersive agents such as monovalent 85 cations in the manure (Whalen and Chang, 2002) . The increase in SOC caused by the 86 application of organic fertilizers is a direct result of the manure composition and an 87 indirect result of the increased crop growth and crop residue in response to the nutrient 88 supply (Whalen and Chang, 2002) . Aoyama et al. (1999a) proposed that organic 89 fertilizers increase the pool of particulate organic matter, promoting the formation of 90 soil macroaggregates in the short-term, whereas in the long-term the organic residues 91 could be transformed to mineral-associated C, contributing to aggregate stabilization. 92
Moreover, the application of organic residues to the soil can increase the stability of soil 93 aggregates because of the physical and chemical action of the molecules contained in 94 160 kg N ha -1 . One-third of the dose was applied before the seeding of the crop with 151 ammonium sulphate (26% N). The other two-thirds were applied as top dressing at the 152 tillering stage of the crop with ammonium nitrate (33% N). The cropping system 153 consisted of an NT barley (Hordeum vulgare L.) monocropping. Planting was 154 performed in October with a disc direct-drilling machine after the application of a total 155 herbicide (1.5 L 36% glyphosate per hectare). Potassium fertilization was applied 156 according to the results of soil analyses with KCl, as in the organic fertilization 157 experiment. The crop was harvested by the end of June with a commercial medium-158 sized harvester. The straw residue was chopped and spread over the soil. 159
160

Organic fertilization experiment 161
In October 2008, four organic treatments were established: a control treatment without 162 application, two treatments with two rates of pig slurry, 100 and 200 kg N ha -1 (PS100 163 and PS200, respectively) and one treatment with the application of 100 kg N ha -1 of 164 poultry manure (PM100). All the organic fertilizers were obtained from commercial 165 farms near the experiment and their main characteristics are presented in Table 2. PS100  166 and PM100 were applied before the seeding of the crop, whereas PS200 was split into 167 half the dose before seeding and the other half at crop tillering, as is common in the 168 area. Fertilizers were surface-applied using commercial machinery previously calibrated 169
to apply the precise dose. Pig slurry was conventionally surface-spread via a vacuum 170 tanker fitted with a splashplate. Dry poultry manure was applied with a rear-discharge, 171 box-type spreader equipped with beaters that broadcast the manure over a width of 172 9
The cropping system consisted in an NT rotation of wheat (Triticum aestivum L.) and 174 barley. Planting was performed in October with a direct-drilling disk machine to a depth 175 of 3 cm, after the application of a non-selective herbicide (2 L 36% glyphosate per 176 hectare). No mineral N was applied during the experiment, but in order to meet the 177 crop's potassium requirement, KCl was applied before seeding according to the results 178 of soil analyses. The crop was harvested by the end of June with a commercial medium-179 sized harvester. The straw residue was chopped and spread over the soil. The organic C concentration of the bulk soil (SOC) and the water-stableoxidation method of Walkley-Black described by Nelson and Sommers (1996) . The 217 method was modified to increase the digestion of SOC. The modification consisted in 218 boiling the sample and the extraction solution at 150ºC for 30 minutes (Mebius, 1960) . 219
The microbial biomass C (MBC) in bulk soil (0-5 cm) was measured in the organic 220 fertilization experiment during the last three sampling dates (March, May and July 221 2011) in order to elucidate possible effects on the stability of the macroaggregates. The 222 analyses were performed according to the chloroform-fumigation and direct extraction 223 method of Vance et al. (1987) . The extracts were analyzed for organic C using a 224 Shimadzu TOC-VCSH analyzer. The MBC extraction coefficient applied was 0.38 225 (Sparling and Zhu, 1993; Vance et al., 1987) . 226
The data were analyzed using the SAS statistical software (SAS institute, 1990). To 227 compare the effects of fertilizer treatments and sampling date, a repeated measures 228 analysis of variance was performed for each site. When significant, differences among 229 treatments were identified at the 0.05 probability level of significance using an LSD 230 test. In the mineral N fertilization experiment the different rates of N were analyzed as 231 
Mineral N fertilization effects on soil aggregation dynamics and C protection 247
In the mineral N fertilization experiment, water-stable macroaggregates ranged between 248 0.12 and 0.28 g g -1 dry soil (Fig. 2 ). No differences in soil water-stable macroaggregates 249 were found between mineral N fertilization doses (Table 3) . However, when sampling 250 dates were compared, significant differences arose (Fig. 2) . The lowest proportion of 251 water-stable macroaggregates was found in March 2010 (tillering and post-application 252 of top-dressing fertilization) and the highest proportion in July 2010 (post-harvest). 253
The MWD of the dry-sieved aggregates ranged between 2.90 and 3.79 mm (Fig. 2) , 254 with significant differences between N doses and sampling dates (Table 3 and 
g kg -1 dry soil (data not shown). No effects of N doses or the interaction between N 261
doses and sampling dates on SOC or macroaggregate C were observed (Table 3) . 262
However, significant differences between sampling dates were found in SOC and 263 macroaggregate C (Table 3) . Both SOC and macroaggregate C concentration were 264 highest in July 2011 (Table 4) . 265
266
Organic fertilization effects on soil aggregation dynamics and C protection 267
The proportion of water-stable macroaggregates ranged between 0.27 and 0.50 g g -1 dry 268 soil for the control treatment (i.e. 0 kg N ha -1 ) in March 2010 and for the PS100 269 treatment in July 2010, respectively (data not shown). Significant differences in water-270 stable macroaggregates were found between organic fertilization treatments. When 271 organic fertilizers were applied (PM100, PS100 and PS200), a greater proportion of 272 water-stable macroaggregates was observed than in the control treatment (Table 5) . 273
Also, significant differences were found between sampling dates (Table 3) , with the 274 highest values in July 2010 and March 2011 (Fig. 3) . However, no significant 275 interaction was found between organic fertilization treatments and sampling dates. Also, 276 significant differences were found between N fertilization treatments and sampling 277 dates in MWD (Table 3 ). The highest MWD was observed in the PS200 and PM100 278 treatments (Table 5) , whereas the lowest was observed in the control treatment (Table  279 5). When sampling dates were compared, the highest MWD was observed during the 280 first three sampling events (March, May and July 2010) (Fig. 3) . 281
No significant differences were found between organic fertilization treatments, 282 sampling dates or their interaction on SOC (Table 3) . However, the sampling datePM100 treatment in May 2010, respectively (data not shown). No differences in MBC 286
were found between organic fertilization treatments (Table 6 ). However, in the PS100 287 treatment, differences between sampling dates were found, with greater MBC in March 288 2011 and May 2011 than in July 2011 (Table 6) . 289
290
Discussion 292
The addition of organic fertilizers slightly increased the proportion of soil-surface 293 water-stable macroaggregates and the MWD of the dry-sieved aggregates (Table 5) . On 294 the other hand, the application of increasing doses of mineral N fertilizer only affected 295 the MWD of the dry-sieved aggregates (Table 3 ). This observation suggests that 296 unstable aggregates are formed when N mineral fertilizers are applied. Consequently, in 297 our experiment, N fertilization (both organic and mineral) had a minor effect on soil 298 that are near to C-saturation are less efficient than C-depleted ones when storing added 325
C. 326
As stated above, no effects of mineral N fertilization on water-stable macroaggregates 327
were found (Table 3 ). This lack of response has also been reported by other authors 328 We hypothesized that the application of recalcitrant organic residues (e.g., poultry 345 manure) would be followed by a more constant stability of macroaggregates when 346 compared with more labile organic products such as pig slurry. It has been reported that 347 the C composition of pig slurry is more labile than that of solid organic fertilizers 348 (Table 3) . SOC was only significantly affected by the sampling date 358 in the mineral N fertilization experiment. However, as stated above, no significant 359 interaction between sampling date and fertilization treatment was found for any of the 360 variables measured. In both experiments, the lowest proportion of water-stable 361 macroaggregates was observed on the first sampling date (March 2010) (Figs. 2 and 3) . 
